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1. Title cf Inrentlct 

TEST CHIP CIRCUIT FOS OS-CaiP TIMING CHARACTERIZATION 

2. Claims 

(1) A £ F 5 1 cm for d e : c run a : eg paifc c c i a ? ci a: feast one les: path, : 
he path ioclodiog a plurality cf macros, the sysierr: comprising: 

iceans fci g e n e r a : i c g a t c g g i i a g < i g g a i : 
means for latncbing t b e sigoa! ecu coe c t d cf Lh< p 5 ->.; 
tceaos fcr captoricg tfce signal frcm the ether tii cf I h c pa'.t: and 
means for determining jo arac«joi cf paih delay by comparing a f B 3 c 1 1 c 
n of the laooched sigoa! *ith a f b dc t i c o of the captured sigoa). 

(2) The system cf claim !. vaereia the n-caas fcr d e I c : re i c : ag farihe: 
comprises : 

seats for ccmpariog the fnocticn cf !he laaocbed signal with the fan 
ctico cf the captured sigeal; and 

neaos for determining whether Lhe means fo: comparing has prudaccd a 
pxcpei resilt within a p r edet eimi oed time period; 

wherein if the resoll is improper l he o ihc lime pcric: is a fonctics 
cf the path delay. 

(3) The system as io claim I cr 2. further comprising: 
means fcr changing :he predetermined time period: 

wbeieio the time period is decreased nctii the improper rest): is dc 
t ermined . 

(4) The system as ia ceu cf claim 1-3. wtcrein: 
the captored signal is frcm a prior toggle signal. 
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(5) The system as it cor cf claim 1-4. wherein the system d e ; ermi ce s 
path delay for a firs: test path 2 □ d a seccoc test path. :ae sysiesi for 

the: comprises: 

me a a s for select i c g b e i * e e o the f : j s i path a r. d i h e s e c c e c p a : h . 

(6) Tie s 7 s t e rt cf c;aim 5, where :c: 

t b e first test p a l fc that i d c : o d c s a p i d r a » i : y c \ firs: it a t r c t s d : i a n g 
ed tc test a first character 1 s : i c : a s d 

the s e c c ad test p a i b t b a : i o c 1 a d « s a p i u r a i t : y of seems m s c : c s a r : a 
Bged tc test i second characteristic. 

(7) The system cf claim 6. wherein: 

the first characteristic aarJ the secccd characteristic are differer: 
; and 

the first macros and the s e cc d d micros are cf a sircilar lypt. 

(&) The system as in claim 5 cr 7. wherein: 

the first macros aod the second macros are logic gales; 

the first characteristic is i a t ; i n s i c delay; a c d 

the second characteristic is ?i:e delay. 
(9) The systen as in coe cf claiffi 6-3. where io: 

the first path has a p p r o t i tr, a t e '. y z e ; c wire delay aod mere m a c r c s 1 h a 
q the sec cad path; aod 

the second patfe has s : g i i f i ca nt **.re delay aed fc*er macrc= than the 
I i ; s t p a t h . 
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( i C ) Tec system as in u c e of c t a i n 6 - 9 . w b e : e i s : 

the oimber of n: a c : c s and the atrcunt c f * : r e d e 1 s v is b e i e c : e c accord 

i o g to s i m a ' a l i c o d a L s s c that the first act! 5 e c c e a p a : b s have a p p : c i i m a 

lc!y c q c a 1 paifc delays. 

3- Detailed Description cf [cven::cc 
TECHNICAL FIELD OF THE INVENTION 

This appliciiica re hies la g c s c : a : :c Integra: cd ci r cri: cbz racier i 
xaticn testing, a q d ic specific :c c b : a ; n : a g pe r f c rata ce e sata tc vaiidai 
e the design meie i s . 

BACKGROUND OF THE INVENTION 

Vendors or chip ma b a f a c t e i e r s supply the infnrmatico that is osed fc 
r tie timing vcrificatics in slmalaiiea nscdels cf chip cesign?. However 
, the different tenders have a wide variety is tkt qaaiity and the quant 
ity ol ictoal margins that tbry nave bciit intc t he models that they pre 
vide Vendors can be conservative in cat ore and only use mc dels: feat ar 
c based largely f J cm cmren: predict tec. On the ether baod, fenders can 
be mere aggressive, and ose m g d c ; s ibat are based nil cf projections cf 
what they expect their prcdsctico process tc be at ifce time when the or 
opesed design ffill be achieving a prcaccticn frlarc. T h n s , the vetnrrs 
may provide modcis thai have a great dea; ti variatica as compared *::fc 
the a e t a a 1 desigc. 

In the ease c f i fc e conservative ? c t d c r . : fc e r t * : j ! be am p ; t su r g i a . 
In fact, the margie may be so great thai there is an ever;; cctservativ 
e design reselling it. ia:k [aster performance, becaise faM advasrafe t 3 
s not taken cf the capabilities of the etrres: techie!sgy. This nf cos? 
Sf ieads tc a poc «-ho»icg in the ffsrke! place as ccrepa'ed tc ccirpet iters 
Bet coots rselv. in ihe case cf : t e a g g : « s $ i t « v « a d r, : . \ i • : : * margin * 
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ill exist. If tec little margin exists, there is the i i ? i rl b« ; rj! nr.ab 
le to achieve the siren I a t e d cr predicted performance i r the p:cdcc: : ct c 
dice. 

Because e f this difference i e attitude an: approach c f the different 
vendors io 5 u p p 1 y i c g t b e d e s i g r. n: d e ! s . it is v t : j v a ' o a fc ' c : o be able 
to check the actual peilcrna&te * ; t h a rest c a ? e . and t h c s d e : e :k t c e wit i 
ch attitude ana approach the vendor use?. 

Consequently, a system designer faces a dilemma in regards tc the tec 
dels that are used in the a c r ? a a e ?. i g e ? i m o : a l : r n , that is cf'ec sc-ved 
bj creation cf their c*o mcdels. Tr. e designers *il! often attempt tc d 
eii»e theii own mode!*, and eirber bnild io exfa ccflscrvat ism cr margin 
s if they believe that ibe fencer is act cease rva t i ve enough, cr they *i 
11 aetnaHy be more aggressive than *fcat the vendor states is possible i 
o order tc mitigate some ct r he vender margin overage, aad thus reaiiae 
a better design fcr the marketplace. 

This is often attempted, bet at great perl', became caless the des: 
goer makes an accurate assessment cf tfce vcaicr' s margins, the system wi 
It eithei act Inaction cr be onderpc*er ec . Most designers arc hesitan: 
tc do this type cf assessment because i: means -e lying npet and crtatitg 
models ibat are act scpplied directly by 'be vender. 

This type c f assessment has » : a i 1 1 : c e a i y b c c c d c a e * i t h test cases 
cr test chips, which wco>d have signal pat&s tfcTcugh :he de?;ce where a 
S into I at ion was performed a e 6 meaSife'sealE *ere takec. The de'igcer wool 
d attempt tc correlate bct*eer the s initiation and sealsrtmeci! tc vaiida 
te tba: dec- deled performance matches mease? ed performance. Tb i = :y?ica': 
y it inadequate ho*e*er. becasse ver? often the testing is performed ce 
a very small sample and ii is c ca s c tj ce t : S y diJficoll U cc:!cc; s;aiisti 
caliy valid data. Moreover. ;be testing is a!sc Inacctraic because :t:c 
typical Bcisnrcmeats will include latgc antcceis u I icpicAatpc: ii/O) it 
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lay and/ci c : c c k c i s i r : fcc : i c c delay, he i b cf -rich ccs:r!be:c to a 

general cue: it nsascitir.es: n f the artoai cn-ct:? ceiaj. Tb e 2c:na: co 
-chip gate d e : a j s are typicali? id ike i3G?c* o 1 100 ;c 20G pice- sfccics 
oi less, and the? will be obscured by i h e errors and • fc e uncertainty tb 
a: is introduced icir :fce rceas i: cmen i irss: :rs I/O. deck ri : s i r i bu ; : c c c 
e!ay, and the me a « q r ctce s : tefhiiqu* that is applied. 
SUMMARY OF THE f WENT I ON 

These and crrieT cbjects. ftarcres a r d retimes' a^antageF ar? a c fc : e 
*ed by a systerr and methnc which i: a designer car? cse medcis that are 5 
cpplied by a Tender is a s im c ■ a ? : c is re vaidstf the timing of the higfe-p 
erfcrmance ictegrated circuit . Tee iay?ntic? a!lc*s a designer to actus 
iiy measnre a test circa;! with the eecessary accuracy tc be ab 5 e ic asc 
ertain exactly hew ecnserTativt the Tenders design roles are and accord 
i o g 1 y adjust tbe design margins. 

The ioTeflticn use? a tightly ccntrcMed lest circuit that has minime 
m measurement errcr doe ic differences that might exist in as en-chip la 
yaut ot from deck skew, and eliminates the pessibili:? cf having skew r, 
r error iotrodaced by I/O. Th^s c i r t c : : enables the designer t n make a 
comparative measurement betweeo twe difle'eor narh«. These parhs a-e sc 

constructed that tbe any errc i tt reducer is nricima;, because the same 
layout •« osed with cc!y vert oiso- differerces cc chip between twe psth 
S- This at lews an accurate c crop a -a i i v e read i g » cc these txc path? peMc 
naauce, so that from a me as c : eiec s s:aicpoint. :he designer is abie it. p 
reduce a d e ■ t a c r i : f f e r e n t i < ! b e t x e e c the p e : I c r m a o c e of the txc. paths. 

This a!lc*s zbe designer tc compare the i i f ? e r t s : ; a ; cf these i»c case 
s wiife io exircnelT lex errc: : a i e . The i c 7 e o i • *: o aliens tbe deslgeer : 
c make o u mc r c e s c c m p a r ; s c r. s f c r cases c f p a r : i c n i a : c o & c c : a . for c* amp ! e 

cases cf hea>y gi lighter leads can be mapped &m and ccmpare: very dir 
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tzt)y with little ei rcr . 

The invention uses a transition s : g d a I that is a rising t: a f a ! : : o g 
transition, which is launched d o * r tbe paili ;ht it to be tncascic: and 
t b e n c a p t a f e d i o a register a l the o t b c ; end c f the path. A varying c ! c 
c k is used tc precisely d e termite the pa:h tin; ing. The designer then ca 
n threw a MUX s e 1 e c i. i c a switch to c b a o g e the ro e a s : :- e : path from the A pa 
th tc the 6 path and measore the cibc: path oiic» exactly the same regis 
ler tc launch acd exactly tfcc same register tc receive, with tbe exact s 
a o e minor clock s k e t circeastaaccs. 

Tbe reluming signal that is latched inns tie receiving register can 
be read either tbroagb scan cj via an exteroal pin. Thus, the entire m 
east rental is contained on the die is; does tsct reqaire I/O for the path 
that is actually being measured. Tbe timing is controlled hy tbe clock 
only and tbe sending and receiving registers are physically places very 
close together on the die, and also on ; b e same final leaf cl tbe clock 
tree, so that there is t c r v little s k e * in tbe clocking c f tbe t *c r e % i 
sters. This results in a vciv smati aroqon- of error (rem cicck ske* acd 
makes tbe dominant part of tfcc :imiog measurement tte from pair: Itself. 
Thus, the infection alio** the designer ic tea k c *cry precise measure 
ments of two cr more paths, and tfcen a prtcise comparison cf tbe pa: in. 

Each of the measures paths cat be compared ;be simulatec paihf. ice 

aoi&g thai path A s measured versa s simulate 5 asd path B i ice a & u r c d fern 
os simulated carj be compared. Aisc. tnc de;:a fee tweet- path A and B as m 
easored can be compared »ith i h e delta be i we e t- p a • h A ass B a? s i rr a ; a : e d 
tc give better characterization feedback. 

Each path cercprises macref c 1 parties a* tv&eF from the venic: t h a r 
are chained tcgether. la fact. : ? is possible. !C tale eve'? re a c re that 
is in the entire library an: make a roe a n i u g f t ! m e a S a r e ir.e n t c-f : b e *:rt-:r 
g delay t h r t o g k m u • i i p i < copies of 5 r a i ma c : c type ion ascertain f e e d b a c 



(15) 



ftmW- 1 0-339767 



I cn every clemcEt it the library. Hcreier. i: is cot reaiij neressa?? 
to perform tki< test cj every mac:c ; becaue in typical dt sigts, macro I 
ibraiics arc replications cf the same cere design elernes'.s. These cicsie 
ots or drive; types are ssed as 3 babe level tc ccsstrae; the mere ccrrpi 
ex macros in the library. 

Tfeeiefcre, it is really roach n r e i l r € r e f : ; ana effitiec: 1 1 test 
the cere design elemeots c: driver types rhich are representative of the 
macros ic tie library. These eie.T.er.:? ra- h 3 T f their drive character:? 
tics examined under varicas cessations, rvpirail? tfee* load cc&&it;ccs cn 
der which they drive. Fcr exaspie, drivers car: have very Sight loads or 
very bear? loads io term? ci the amcss: cl capacitance That t he j have t 
c drive. The oatnre of the lead can be verv ?ate intensive, sc a hcavie 
r load is die tc wore capacitance Ina* from rhe safe capacitance cf aja 
a ont tc multiple iiput on ositipie devices. Load can aisc be dominated 
by Fire delay or the delay that if inherent in the interconnect. 

Bj » a 1 7 log and parameterizing tae deviens cr elements j fi the path, t 
be desigoer can ascertain feedback cn :fce performance by testing a rarie 
ty of drive sneogtU, Arising intn a variety cl load conditions :c get 
a base level c h a r a < t e r i i a i I c n cf the funnimeata' d-iver. aud driviaz itt 
c very realistic lead c c sd ; : i cn j . Beth :ae driver s perfcrtrance at: :fce 
lead cendrtien? are a luncticn cf the ? r cc e $ f and are the paramerers *fc 
ich centre; the performance of :he limir? cl :he cverai" saper se: r. f aia 
c r c s that are the entire i i b : a : 7 . 

A macro is a cell cr a gate r h a t is b s i : ; cut iodiT-daai t'ans:s: 
c:s. Fcr instance, a NO* gate is a macro. Mere«7er. 3 Hip flop is a's 
c a macro which aigb: be formed from twe cross coupled SO* gates, with : 
he NOR gates as ::s core c : eme n L 5 . A macro can ai S c be atitbicg that ca 
a c a o S e delay. 5 c : h e mere c o m p 1 1 j mjcrts. suck as a f «3 1 : bit adder, a : 
e constructed from tore elements ttat art siirpie- brock icgic a/rargemcut 
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s, such as NOR gates. Thas, if the cere clement c: driver Is c i: a : s c : e r i 
iefi\ the mere comniex macros can alsc be c r. a • a c t e r : i e d - Therefore, data 

ccrr.paiiog measured versa? siaa'ared lie i 1 crma ncc can be determined that 
reflects tbe base level p e r f o rma t c e lor the entire library. 

The foregoing bas c e i : : o e d Ta-her brca:i? :«« features and technical 

a d v a o l a g e s c f the p : e s e o t 1 o v e a t i c n in o r i i r : a a : tie detailed e e s c : : & i 
ion cf the invention tha: fc;:c*s nr.av he better itdeutcca- Mi i t iona i 
features and a d t a c t a s e s of tbe itveo-icc will be described hereinafter » 
hich form the sebjece cl the claims of tac invention. It should be ap?r 
eciated b? these siiiled !o the art that the ectceplicn and the specific 

embodiment disclosed may be readily utilized as a basis for modifying c 
r designing other strnctares fcr carrying on: the same purposes of tte p 
teseat invention. It sheds also be realiaed by incsc sliiUd in the ai 

t that sacb equivalent cob s true 1 1 c n S do depart from the Spirit aoc < 

cope of the intention as Set forth in the appended claims. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIGURE I depicts the incentive registe: circuit 100. This circuit 1 
00 wraps bad on itself by sending a signal cct cc iioe R_SESD 103 and r 
etorniog through PAT HA 101 and PATHB 102. Toggle geceratico register tC 
4 i £ set op in a feedback arrangement bavi-tg its inverting citpi: XQ led 

back into the, input MUX. This predeces a s a If - 5 e s I a i o : n g . toggling reg 
istei, which will toggle cc e a c t tied cycle. Toggle register 104 is CO 
oeected with scan line lOS fcr testability purposes. 

The toggling Q cotptt free toggling register 104 ttet f c e 3 5 direct!? 

into the D inpat of launch register LC5- This register. inrecgfe (:$ G 
ootpai, laoacbcs a rising ass itie.s a f a : ■ i n r toggling cutps: irtc :fee pa 
tta under test Hi R_5END lice 102. Tiits ccaoecti to tte arrargcaet 

\i shown in FIGURES 2 acd 3. xhcr< :: t be c Ian?, en: ic two separate pstfc 
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s which arc (he ;wc paths t fca : arc Ecasorab.e by this eirctit. 

The paths then retorn into circa:: 100 as PAT HA 10! an: PATHB 102. 
PATHA 101 aoti PAT.HB J C 1 g C intc the 4 and B zl the input MUX «! the rapt 
ore cr rccciricg register 106. Captcte register 106 then has its Q cttp 
at scot itsic ao XQJ logic gate 103 There it i? icgicaiiy XOR compare: tc 
expect signal 116 from iU XQ cetpui of iacneb register JO;, that sufcse 
qocotiy feeds ictc latchitg register 107. which is then observable typic 
ally 00 as catpn! pis via the error sigta- R MISS 115. latching registe 
r 107 is also scan Gbsertable. if ntcena.';. tc retrieve the "atcbicg re 
salt of a failure c: a pass c«L cf tfce register. 

The basic operation of circuit 100 is snch tba? it is ccatinacasi? s 
ending transitions cat nf iasscr. register 10:, *hich are then received i 
d captere register 105 having been tra*sfer-ec tc it bv either tbe PATHA 
cr PATHB, whichever path is currently being measured, which is selected 
by tbe MUX Ha SEL line 110. 

Testing cf 3 test path, like thnse shewn: in FIGURES 2 ar.H 3 ; begins 
with a long deck cycle and a very :C w frequency, sc that there i< p : « n t 
y of time for the transition edge signs'. s fn - frcm the » a d ti c h register 1 
05 tc propagate through the path under test and be cacghr * ;' t h great ira r 
gin in the captnre register 106. As the Ireqeency of clod signal CH 11 
1 is ieereased. and the tjtit time is rec'sce:'. it becomes increas ngly 5 
ifficali tc captare the transition eige. are it *i:i eventual y resuir i 
0 faiiare. The failure point :a::cates -be : 1 m : n g fnr the path. The cl 
ock frequency at the point of fai'ere : < direct'? cc5?er:e: x r. a pe:o: 
which is tbe tseasnred delay f r. r the path selectee. 

The clock frenaency tc the chip itself is varied by externa: iostrec 
en tat Ion 112. Typically, a function generator :< ssed to cri?e c U c I si 
goal CK 111 thrccgh a typical clcci d i : : r i b c : i c s system ic p r c y : c t a lew 
Skew cicct and a *e:y precise freaaeflcj input in me a s t r ticc c 1 sefcente a 
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that 1 b e input freqcencf i o the deck s y s t ear. c a c be a c a i t c- r ? i . A sample 
of the deck be taken oil at the bottom Seal cl the deck tree a c d 

observed at a e c l t p o : pit nr. p r t v i d e a secondary tj? i c s e t s e the icier 
oal cicck rate and ascertain how much clock ske* is preseol. 

Because a teggie Is being perfcrrnec, there is a *er? predictable be I: 
avior io circa it ICO. Tbii. :«« retimed toggle sigaal ca* be mcnitcrcd 
by virtue cf XOK gate 111 6 i c : c iatcbing register 107. *b;ch determines, 
cycle bf cycle, whether cr ret the ccrrec: data has been captured. Tee 
clock cycle is cranked up tc achieve a higher a c d higher ( jcchu?, u n t 
: 1 the point ffhere the iatch perceives that a failure has occurred, beca 
use cap tare register 106 has f a i 1 e c to meet its setup time on tbe chaogi 
ng data and as a re salt has tbe *rong value stored therein. This value 
is detected by the XOH gate 105 as a failure- IQl gate iO? is prc»idiog 
a ceraparisco between tbe prior states, since it is fed c I f of the Q bar 
cr XQ cot pat cf launch register 105. That slate is then compared with 
tbe cirreot state from the Q output cf capture register 106. XOB gaU 1 
09 sends an e r r c r result if a correct a a t c h is net received, t h a : is la: 
then in latching register 10? where it is risible on an ontpoi. 

A continuous me a s o r erne a t is being perfcrn-ed on each cicck C?cie. An 
y error id tbe measurement is « n ! y dependent • c very miner ! c c a v a r : a : : 
o n s in tbe physical layout c f the register*. It is driven c c rap i e 1 1 '. y of 
f c f tbe c • c c \ itself and these registers are typically laid cat a l i pis 
ced very close together so the? ta?e minima": cicck ske*. Mc:ec*cr. the 
clcck itself is designed in a clcck tree t s rtinimiae §ke*. : b i * i* one c 
f tbe liBdsneniil! ol a high pc r f c ruiarc e design, it alreac? i * the high 
est per forma oce circsii clement that can be i\ti for soifig a tin-it e me a? 
n r emc n : . 

Furthermore, a i i c ( registers are h t ! d in rose p h y s i c a i p r c % i * ; y . 
but iaaocb' regi s:er 1 0 S and captcre register 166 most be as < . c s e as pes 
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5 1 b I e to each o t b e r . These t * c registers a : * locked c f f c f t a c * t : y is 
vest branch of the c ! t c k tree, the bit.cn; leal ceil c I the clock, ibis 
bey have very minima; ske*. 

The path then can go off and cove a Urge area ci the fie and rcia: 
ns, sij that these t*c registers are pbjsicall? close. The path itself ! 
s not restricted tn be short c tc be in a ?ery Ucaitics icdc. It fact 
, the path very often will be spread across 2 large area of the die to g 
et more of tbe xariatico that can cccor as a ' a r g« die Is cicssed, Ic: e 
*ample from center tc comer cr frcm ccrr.er tc ccroer, and thus observe 
IK drop and other en chip layent pocDCjnecce iha' : iary across the die. T 
bose characteristics can also be measured with this iypc cf circcit, bee 
anse abocrma I I y long path delays are o o t predicted by simulation. 

After completing the measurements on the first path, PATH A 101, a me 
asnreoent can be made oo PATBB 102. SEL sigoal 110 will change the MUX 
no captaie register 1C6 to read PATHB 102. .Hler PATHB 102 is read, tbe 
two paths can be compared with eath ether. The precision of the ccmpai 
iscn is greater because nor enly is there already a precise -3> of deter 
ffliniog delay frith mininiu error, bet alst the relative n.c a s a s umc n t ber#e 
en tbe two path? is precise because the exact same registers are use: fo 
r launching ana ca pier inf. 

Any error ia the cemjarisca to: attributed :c 'be park* is doe ;cst 
to the MUX of capture register 106. Ttu:. any trrc; that *c3;d bav« bee 
n eao«ed by the repiicatioc cf circsit ICU bis been c i i m i o a : e i . J : is p 
c?s!bie tc add additicsa! logic i c circa:; ICC tc a c ccntmcca t e ccmpreislc 
os of three cr mere paths, b o l the variation :c rtt X'JI pa-b cela? 1 
add additional error u the tee a s u r erne r t s . Mc r e r, : < : . circoii lOd rcr'ii b 
e replicated oo a die, with each paih cc&nected cbfiffir; sevifes re mease 
re differeot characteristics ci s:lfe:«a; rtacrcs cr cr r e e'emertr. C I - c 
pit 106 cce*ld aisc be replicated ca a i:t with each PATH A being idestica 
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1 and each PATHB being idettica!, tc rneastre a : M c*e nces in c:c location 

Al! uf this logic c rj circuit 100 has tc he tcftab'e ar: under cet^ai 
d ciicomstinccs the designer may was! tt scan ct; the results as capture 
d io Ciptnre register 107. Tn make that pessib'e. ! fc e scan in pin S_IN 
113 is ccofiected ic che R input cf the .V'LUi cc teggie register 104. When 
sciooiag. SCAN signal 102 It averted, ther. S_1N 113 aril! feee inrc leg 
gic register 104 through the B M5X inpsi. The Q cc'.ptt cf tcgg'.e regis: 
c: 104 fic*s direct I? istc I a cock register 105. tie Q cntpjt cf which fi 
c?s into the paths via K. 5KND 102. SCAN 108 signal changes the selected 
path cf capture register 1 0 6 T sc that PATHB 105 is the path that is sel 
* c t e d ander the s e a n s : t u a ! : c a . 

The signal rei*ros back tc cited! 100 as Path PATHB en the B side c 
f tke MUX on capture register 106. The signal is output on the Q oatput 
of capture register 106. and is fed istc the B side of the MUX cn the 1 
atcking register 1 07 , thus b? passicg tie XOR gate 109. The Q cntpai of 
f of latching registeT 107 is error signal K.M1SS 115- The Q ha - ostpat 

cr XQ is i averted tc negate it? :n?er !;cc : tc keep an invejsicn net cf 
the scan chain, and is passed in the scar ch ait as the scaa oct signal S 
_OUT IN. The Sea* register cre'e* thee is register 1 d 4 gcitg tc 105. go 
ing te 106, going to 107. This is hi* the scan c b a i o is heckes np an: e 
nables the Icfic testing. 

FIGURE 2 depicts an arrangement of res: c??cai: 260 h a ? : c g :*c s e r : a 
1 paths cf imerters ?04. The t*c paths share :he same iap'„; sa.b- H_SE 
N3 20 3. This sigoi: line is wbac Cfigicates from launch register 105 of 
F1GUJE 1. The signa' is fanning iaic :»s stria! si'eiEi cf inverters 2 
04. PATH A 201 has a lota! cf 46 if-c iters. th«: are then coonccie: tc t 
he A side cf the MUX cc captere register 106. PATHB lias a total cf 16 i 
o?e iters 2D 4, that are then cccnected :e :he B e ) d t cf the M"X cn captcr 
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e regis £ei 106. 

However, the diifereo- paths ba^c ocarl? the same ascoo- c f cela? ti 
EC as predicts f/cm the vendor's i cf o :mct ien . fn PATH A 201. the wire 
delay is minimal, as Ibe ioYcricr macros have been physical!? placed as 
close as they possibly c a e be i c each u : b c : . s i that they are e s s e c : i a I I 
j dritiog aea;!? D c wire connection, isd gefng straight io:c ibe sen ma 
exo stage. This a r r nog enco : :cp;csco:s intrinsic delay, o: ibe delay of 
the silicon io the macros with re;; i i 1 : I e icai factor. (c PATHB 292, 
however, there arc J c * e r in.crtc; macrcs involved, bai the? are each dri 
viog a heavier icad. There is more wire, and therefore mere cf the wire 
related delays. The LRC associated with the indoctance, resistance, an 
d capacitance of the »::e is no* cct:ribit:Df to the deiaj tine, bai rii 
h only 16 inverters, the additional delay \ j cm the wire, roughly equates 
to the intriosic deia? cf the inverters c f PATHA 28 1 . 

Note however, that it is not essential that the paths have the exact 
same dcla?. So long as they are ct the same order of magnitude, thee t 
here Is a very similar measareraeot aoc rbere Is less opportunity Jr.: err 
oi that woelti he attrihnted to variation in the clock frequency scarce, 
as the clock source is swept. [ D other words, a failure w:ii be detect 
d by XOH gate 1 09 at a p p r ci i ma t e \ > :re same cinck f:e:cencv. sc that a c 
omparisoa cf the tw C paths win y\t'.i more ar.cmiie resa!ts. F ^ r rbls r 
easoE. the number of macrcs a e d the wire Jen?:}: is efcesen to achieve r,ea 
:ly the same path deiajs. aittcogfc nc: necessarily precise!; the sair.c. 

FIGURE 3 depicts a seccofi" arrangement cf a rest tfrcnir 300 ha^njr i 
»c seiia! parhs ct inverters :i 0 4 . .lere. ihe ncotber i\ ievtrterc ; 9 : fc f 
serial cbain is lower rhan t h a : c* > i G U R H 2. bo: no both paths, t fu fas 
est sat increase!. This arrasfeseat 300 represents a different k i s j cf 
Icad condition :hao that cf the arrangemen: 200. 

In flGUl I, two variations tha: ran eiis*. on lead are being cxanltc 
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d. wheifi PAT HA 30l case has a lac cct icac, * b : c b is I iff el F a cap*ci;ac 
cc load dec tc gait fan cut, aid a minima* amuna: ol *irc (as in PA73A 2 
01), with 14 invent: macros 3 0 4 serially arranged, ticb faac'.og oj> 

i lc Iwq more. PATH B 3 0 2 bas a mere realistic or ba lancet c omb : a a : i od c 
f fan out and w i i c d c 1 a F , in tbat iberc is mere *i:c (as in PATHB 2C2> b 
at » i t fa only 10 serially c'ispused invent: macros 204, each *"::fc ibe sic 
e f a d cut as ifl PATH A 2(51. Agaic tbc » i r c Iccgtb a as number of in-crtcf 
s is chesen so that ifee delays are a p? : cj : ma [ e 1 y :fce s sir e as fc: the :*t 

paths described in regards te F IGUKB 2. By ibis method, the Ue paths 
can be precisely compared. Other- a r raEgeicent a can readily be made, for 
eiample, PATHA 201 (icid arrangement 200 can be compared to PATHA from a: 
rangeoent 300 , Other- macros can be csed in place cf rbe iawrteis. sacfc 

as NOB gates. 

The types of elements thai are incinaea. i.e the path a:e selected cn 
the basic of a revie* ol the library tbat wili be nsec- oa the actual des 
ign. An analysis is undertaken cf the elements within the macro libra:? 
, which can typically have 60 cr 70 elements io tbe macro library. Tfcc 
transistor schematics cl the actual macro designs are broken dc*a by s;i 
v e i types tc examine the characteristic c:;u: types asd relative c::ca: 
t element types tba: will relate tc the timing performance cf Lire macros 

Typically a ode: lying the iarge micro iibrarj are a subset cf basic c 
river types ana basic circuit ccmbinaricss wtlcn are used an: recsec :c 
create the multiple macrcs thai are in -he library. He f en s ase 1 1 a ! s cf 
tbe differeot tvpes are reduced ir.nr. into cere element macrc?. >h:ch ar 
e typical:? going ! c be r e p * e S e n 1 e 6 b y i n v e : r e r ? with i a r i e o ? drive sire 
ogtbs. and/or Simple gate! S tc h as Iwc input XORs . ?xc input asi tx 

c input NANDs • These elements are r. h e n usee tc cccst'ect i > e chait? dep 
icted in F \ r VJll 2 and 3. acd are csed in combination witb the extremes o 
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Q icid types so ih: the fan on: is being pesfced tc get ao extreme gale 
capacitance variation, and rbe wire d'«!ay c: the : ack cf sire ieia? :c f 
et tic intrinsic cast. Th c f c c : e i? c c t s then seiecie: acd targeted fc 

i path delay mea ?b reme n ts . 

The analysis cf ihe ;ndi*:dcal libra:? in breaking it dc*n into f L ad 
amentals is an important step aoc cat v 3 :y frcm design to design a< to * 
hich element! wcaid be cbesen. Osce the mea s i : esc c t s are takes from a p 
ftysici! test chip (cr several Lest chips) cf the chosec elements, tfctr t 
hey are compared with the s i ma ] a : c d resells 1 x cm the information provide 
d by the vender. This will identify xhethe: the vendor is conservative 
or aggressive, and allow mere accorate setting cf the irargios in the des 
iga of the actual products by addle* additional conservatism or mtigins 
iotc the des iga where the Fender information has been proven t« be too a 
ggreBMre, or removing seme margins and push a more aggressive liming mo 
del and transfer the extra performance tc the customer ic ibe end *ia Ih 
t design. 

Other anomalies ma? arise from the measurement to simulation ccicpari 
sen of different arrangements ce the same die. Fc: instance, comparison 

of measired delay tc sim B >atico on a light!? loaded intrinsic delay do* 
mated pith might indicate that the die a? processed is faster that S;mu 
latico predicts by a iarge amc-ect. On the same test die. mcastrcd verse 
s simnlaied comparison cf a b e a v i i r gate or | an eel leaded path migh: in 
dicate that the die is slower than simulation predicts. Ansmalies that 
are prcdnced by dciog these ccrrc: pc:nt mcs s i r cmcc : s * : ) i o f t e r. key the 

designer to particular problems *i:b tbc modeling schemes cf the reader 
s that may ieSoM :c changing the s:ra:egy f*r accenting fci delays cr 
fine toeing the lisicptfcos for setting the margins as to mere c; cs? c 
enservative in the a c : ti 2 ! finish e e s « ? s . 

Althcugfe the present invention and its advantages nave been describe 
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d in detail, h socc':d be ocde:s:ccd ifcat uriroe changes, s c bs: : ; i : ":c n& 
and altc:i;icofc cso be nade bercis witUii departing fieri the spirit ar 
d scope cf the ic^tEtioc as defined by the appended claims. 
4. Biief Description cf D:a*:Egs 

FIGURE 1 depicts a schematic diagrair ci l h c inventive :cg:s:e; cirtc 

it; 

FIGURE 2 depicts iwc serial paths cf inserters, vhicfc ait ccBiecie: 
to the respective fcigaal lines cf the clrtiit cl FIGURE 1; and 

FIGURE 3 depicts t*c paths having lac cot t. i in?trte?£ : which are cc 
onected tc the respective ligna! iincs cf the circuit cf P f CUR E 1. 
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!. Abstract 

The inventive system methcc a e t e rir. : 1 1 s path ceia? at ieasl cce te 
St path of logic gates- The inventicr. ties a toggle registe' tc gecerai 
e a toggling s i f r. a ! , that is sea: net gc.g the peih by a lastch rcgiste- 
A capture register receives the sigtai f J on: !be other end d the pa- 6 
A logic gate c c a p a r e s t fc e receiver signal f : err. 2 prior :• a 3 n c h e : signs 
1 vitfa 8« inverted launched sigcai. Since tkc sigtai is a tcggliog sign 
al the prior received signal should be tte Ease as an inverted launched 
signal. A latch register deieimiaes *kelker ike Ugic gate has detected 
a match between ioverted I auac bed sigoai aoi the received signal (icr a 
prior liunck signal rtihln a prcdtle rrai otc lime cicck period. As the c 
lock per i cd is sHrtcncd. the iaeecljed signal • W uimmc the 

paid and be captured b? the capture register withir. the clock period. T 
bis ffiM cause a mis-roaick in i he logic gale- The clock period at the p 
oint cf sis-match is the delay ; 1 ice of the path. The InventicD can use 
two paths tc prccuce a verr accurate comparison of :ue de;avs r,c the Ito 
paths. 

2. Keprescntative Driving 
TIG. 1 
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